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Abstract 
Many researchers have concentrated on experimental research of hydraulic characteristics of the flow over the stepped spillway. 
It is in this context that we operate in the present work to distinguish between the two flows regimes and to study the effect of 
rate flow and the slope of channel on the energy dissipation, the point of inception. And finally we present the empirical models. 
To show the importance of studying these flows, we made an experimental approach in the laboratory of civil engineering at the 
University of  Laghouat (Algeria), in  three (03) models: model A (4cm x 7.5cm 4cmx) and model B (8cm x 7.5cm 8cmx), and 
the third model C size (12cm x 12 cm x 7.5 cm) developed "Plexiglas." In what follows, we set the rate of flow and vary the 
slope of the channel. The simulated flows range from 0.072 l/s to 2.569 l/s. 
As result, for a slope (45 °), the energy dissipation is relative maximum and average around 95% in all three models. For low 
slope (15 ° or 20 °), the energy dissipation is relative maximum and average of 93%, 86% and 87% for models A, B and C 
respectively.  For an average slope (30 °), the energy dissipation is relative maximum and average about 95%, 92% and 89% for 
models A, B and C respectively. 
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Nomenclature 
dchan                                Depth of water at the upstream of canal  
 ddowns                             Level of the water at downstream of channel 
Hchan                               Height of channel               
Hres                                The residual charge at the foot of weir  
Hmax                               The initial load of the total flow above the threshold Hmax 
VE                                  The flow velocity in the section considered. 
ᇞHmax/Hmax                    Maximum relative change in energy dissipationFr Froude number 
α                                     Slope of the channel 
1. Introduction  
Several research models have distinguished themselves in the field of flow in channels stairs, among the most 
recent works are Benmamar [6], Kerbache and Benmamar [7,8,9,10], Gafsi and Benmamar [11,12,13,14], and the 
most popular are those of Chanson [15, 16, 17, 18, 19], and Chanson  et al [20]. 
To show the importance of studying these flows, we made an experimental approach in the laboratory of civil 
engineering at the University of Laghouat (Algeria), in  three reduced  stepped channels models: model A (4cm x 
7.5cm 4cmx) and model B (8cm x 7.5cm 8cmx), and the third model C size (12cm x 12 cm x 7.5 cm) developed 
"Plexiglas." In what follows, we present the effect of rate flow and the slope of channel on the energy dissipation. 
The simulated flows range from 0.072 l/s to 2.569 l/s.  Finally we present the empirical models proposed. 
As result, the effect of the rate flow allowed us to see that [13, 14]; for a slope (45 °), the energy dissipation is 
relative maximum and average around 95% in all three models, than For low slope (15° or 20°), the energy 
dissipation is relative maximum and average of 93%, 86% and 87% for models A, B and C respectively, and finally 
For an average slope (30 °), the energy dissipation is relative maximum and average about 95%, 92% and 89% for 
models A, B and C respectively. 
2. Physical model 
The stepped spillway model, on which the experimental tests have been performed, is located in the laboratory of 
civil engineering at the University of Laghouat (Algeria). The details of experimental device are shown in Figure 1. 
 
 
 
 
 
 
 
 
 
 
                                                                      Fig. 1. Experimental device [13, 14] 
Experimental studies were conducted on three (03) models stairs developed "Plexiglas." 
The geometrical characteristics of the three models are shown in Table 1. 
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Table 1. Geometrical characteristics of the three models [13, 14] 
An example of a column heading Height of step 
(cm) 
Length of step 
(cm) 
number of step experimented 
channels slope: α 
(º ) 
A 4 4 20 20; 30; 45 
B 8 8              10 15; 30; 45 
C 12 12                                           07 15; 30; 45 
 
3. Analysis of results 
3.1. Determination of flow regime 
From our observations and our measurements, we have observed two different flow regimes observed (see fig. 1). 
The appearance of the nappe flow is rather leading for models B and C, that on the model A. This is explained by 
the fact that models B and C have large steps relative to model A. It can be inferred that the steps of important 
dimensions rather promote nappe flow that skimming flows. This result is confirmed by Chanson [16]  
 
 
 
 
 
 
 
 
 
Fig. 2. Determination of the limits of different flow in the three models by the method of Simões [13, 14, 21] 
3.2. Determination of energy dissipation 
3.2.1. Effect of the Rate of Flow 
 
The initial load of the total flow above the threshold Hmax is given by: 
    chanchan dHH  max                                                                                                                                              
(1) 
The residual charge Hres at the foot of weir is expressed by: 
g
VdH Edownsres 2
2
   
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Where VE is the flow velocity in the section considered. 
Figure (3) represent experimental results regarding the energy dissipation in the nappe flow regime. This figure 
shows the variation of the relative energy dissipation as a function of dc/h on models A, B and C respectively. 
We see that the variation of the relative energy dissipation for a given slope is decreasing for increased flow; the 
energy dissipation reaches its maximum for low flows. This result is verified by the work of Matos and Quintela 
[24], of Kells [23], of Peyras et al. [5], and Chanson [16]. 
 
 
   
 
 
 
 
 
                              a b c 
 
 
 
 
 
 
Fig. 3. Variation of energy dissipation as a function of dc/h in the model for different slope of channel (nappe flow) [14] (a) model A; (b) model 
B; (c). model C. 
The figure 4 shows the experimental results regarding the energy dissipation of skimming flow relative to the 
flow rate (dc/h). The analysis shows that the flow and the slope of channel have a significant influence on energy 
dissipation. Taking into account the influence of the number of couriers steps, found results confirm those found in 
Chamani and Rajaratnam [24]. 
 
 
 
 
 
 
 
 
 
Fig. 4.  Variation of energy dissipation as a function of dc/h in Model A for skimming flow [14]. 
               
(a)                                                                                                 (b) 
 
(c) 
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The larger dissipation of energy values are obtained on the nappe flow that the skimming flow, this is verified in 
figure 5.  Thus, the nappe flow dissipates better than in the turbulent regime. Also, in the case of a nappe flow, the 
dissipation of energy depends rather on the size of the steps of channel and flow of water. In the case of skimming 
flow, the energy dissipation depends on the slope of the channel and the flow of water. This result was validated by 
several researchers, including Chanson [16]. 
 
 
Fig. 5.  Determination of the dissipation of energy as a function of the Froude number in the nappe flow and skimming flow [14]. 
 As values were: the nappe flow (ᇞH/H)Max= 96.37%); the skimming flow: (ᇞH/H)Max = 66.73%). 
This value is greater than that of the experimental results of Christodoulou [25] equal to 50%. It is against less 
than that of the experimental results Sorensen [26] that equals 84% and Rajaratnam [27] which equals to 88%.  
The literature review shows that the energy dissipation in the case of a skimming flow depends strongly on the 
value of the friction coefficient. To find the accuracy of this work, we compared the results of this study with the 
other reported in literature studies. Figure 8 shows the comparative section. 
 Figure 6 shows that energy dissipation decreased with increasing dc /h, there is good agreement between the 
present study and that of Moore  [28], Rajaratnam  [27], and Rand  [29]. 
 
 
Fig. 6.  Comparison of energy dissipation for nappe flow with other studies [14], 
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3.2.2. Effect of the slope of channels 
 
Figure (7) show the evolution of the energy dissipation depending on the slope of the channel in the three models 
A, B and C respectively. For a given flow rate, the energy dissipation increases relative to an increase of the slope. 
This is explained by the increase in slope of the first channel which influences the increase in the height of the weir 
(Hchan = Lsin α), and secondly the increase of the deflection of the air jet.  
 
 
 
  
 
  
 a b    c 
Fig. 7. (a) Variation of the energy dissipation as a function of the slope of the channel in the model A for different flows ; (b) Variation of the 
energy as a function of the slope of the channel in the model B for different flows (nappe flows) (c)  Variation of the energy as a function of the 
slope of the channel in the model C for different flows (nappe flows) [13]. 
3.3. Determination of empirical correlations for the energy  dissipation 
3.3.1. Nappe flow 
a- Effect of rate flow 
With the experimental points in figure 8, they are adjusted by a curve having the following equation in figure 8.  
 
 
 
 
 
 
Fig. 8.  Determination of the empirical correlations for the energy dissipation as function of the Froude number in nappe flow [13]. 
b- Effect of slope of channel 
As shown in figure 9, the empirical correlation of the energy dissipation is given in figure 9. 
 
 
 
 
 
 
 
Fig. 9.  Determination of the empirical correlations for the energy dissipation as function of the slope of channel in nappe flow [13]. 
 
Nappe 
 flow 
Skimming 
flow 
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3.3.2. Skimming flow 
a- Effect of rate flow 
The alignment of these points on the figure 10, resulting in an equation given on figure 10. 
   
 
 
 
 
 
Fig. 10.  Determination of the empirical correlations for the energy dissipation as function of the rate flow in skimming flow [14]. 
b- Effect of slope of channel 
 
As shown in figure 11, the empirical correlation of the energy dissipation is given by: 
05.0
max
max )(08.69(%)  ' Dtg
H
H    (3) 
The above equation is valid for variants slopes from 15 ° to 45 ° 
  
 
 
 
 
 
Fig. 11.  Determination of the empirical correlations for the energy dissipation as function of the slope of channel in skimming flow [13]. 
4. General conclusion 
The main findings are summarized as follows. 
x Low flows favoring hydraulic jumps in fully developed nappe flow, and this phenomenon dissipates more energy 
than when the tab is partially developed. 
x For a slope (45 °), the energy dissipation is relative maximum and average around 95% in all three models; 
x For low slope (15 ° or 20 °), the energy dissipation is relative maximum and average of 93%, 86% and 87% for 
models A, B and C respectively. 
x For an average slope (30 °), the energy dissipation is relative maximum and average about 95%, 92% and 89% 
for models A, B and C respectively. 
x In the skimming flow, the steps have large roughness. The majority of the energy is dissipated to maintain vortex 
horizontal steady down the pseudo-bottom formed by the outer edges of the steps. The energy dissipation in the 
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flow appears to have been increased by of transfer of the recirculation fluid or by the transversal shear vortex 
caused by the layer between the flowing fluid and the layer in static state. 
x The energy of dissipation on the nappe flow and skimming flow is influenced by three parameters, namely: the 
slope of the channel, the flow rate and the geometry of the stairs. 
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